Abstract. An 
offers the possibility of studying the voluntarily elicited nerve signals that are associated with muscular contractions and the resulting body movements. To date, this association has been restricted to myoelectric signals. Damaged or severed nervous tissue with poor regeneration properties could be patched by long-term use of an implantable recording electrode, together with electronic equipment and an implantable stimulating electrode. It has been shown that functionally related nerve fibers in a nerve trunk can be selectively stimulated from the surface of a nerve (1) . Conversely, Lichtenberg and De Luca (2) have performed experiments indicating that signal patterns recorded from the surface of the nerves can be associated with a functionally distinct group of nerve fibers in the nerve. If the peripheral nerve continues to propagate signals, a suitable nerveelectrode recording interface is the major remaining obstacle. Another interesting application is to use the nerve signals for directly controlling electrically driven prosthetic devices. The present capability to fabricate prostheses with many degrees of freedom (3) (4) (5) indicates the suitability of neural control (6) .
Previous attempts at constructing an electrode for recording nerve signals have been reported. Alter (7) The cuff-type electrode configuration described in this report was specifically designed for recording functionally distinct nerve signals from the surface of severed nerves (6, 10, 11 units were implanted by a sterile surgical procedure. Six electrode units have been implanted around the peroneal and sciatic nerves of anesthetized New Zealand white rabbits. An incision was made in the popliteal fossa and the appropriate nerve was cut as distally as possible. The nerve was freed from the connective tissue binding it in place. A silk suture was placed through the epineurium of the distal portion of the cut end. The nerve was then gently pulled into the electrode tube by the attached suture and was secured in place by tying the suture to the end of the electrode tube. The Silastic insulating cover was fitted securely over the electrode tube. The nerve and the electrode unit were arranged in an unobtrusive position and the incision was sutured. The transcutaneous Biocarbon connector was installed subcutaneously through a small incision in the thigh.
A stimulating electrode was implanted around the sciatic nerve in the proximal section of the thigh so that a controlled stimulus could be applied to the nerve. The stimulating electrode consisted of 90 percent platinum-10 percent iridium wires woven in knitted Dacron fabric wrapped around the nerve.
The inner and outer electrode pairs of the recording electrode unit were connected to two differential preamplifiers. The transcutaneous Biocarbon button of the recording electrode unit served as the ground reference for the preamplifiers. The rabbits were able to walk (hop about) on the day of the operation, and nerve signals were recorded in phase with their forward propulsion. Voluntarily elicited nerve signals recorded from the internal electrode were associated with pronounced "hops." The following, less distinct bursts were recorded while the rabbit was performing slight forward movements. The electrode unit had been implanted for 14 days. The time scale is 0.5 second per division and the amplitude scale 2 uv per division. This signal was filtered with a band-pass of 300 hertz to 3.7 khz. During the large bursts the peak-to-peak signal-to-noise ratio is 2.5.
194 pair on the first day had an amplitude of -30 ;&v peak to peak. The amplitude of the nerve signals increased to 40 uv during the second day and subsequently decreased with implantation time. Experiments to describe the behavior and cause of the signal amplitude decrease will be reported elsewhere. Figure 2 shows the nerveactivity recorded from the distal end of a severed sciatic nerve while the rabbit was walking 2 weeks after implantation. Each burst of activity is associated with a step taken by the rabbit. On an expanded time scale, some individual action potential pulses could be seen. Their time duration was 0.25 to 0.5 msec.
Previous experiments with other electrode configurations indicated that a cufftype electrode is susceptible to recording concurring myoelectric signals from adjacent muscles. A sequence of tests was performed to prove that the recorded signal originated from the enclosed nerve. An electrode unit similar to that shown in Fig.  1 was implanted around the distal end of a severed peroneal nerve in a rabbit. However, the Silastic cover was not placed over the tube of the electrode unit. The sciatic nerve was electrically stimulated by another implanted electrode. Figure 3 , a and b, shows the signals recorded from the inner and outer electrode contacts, respectively. In these two traces the initial short (-0.5 msec) pulse corresponds to the nerve compound action potential, whereas the following longer pulse corresponds to the myoelectric signal. The nerve compound action potential has a higher amplitude in Fig. 3a than in Fig. 3b ; the opposite is true for the amplitude of the myoelectric signal. This result is expected because the inner electrode contacts are closer to the nerve and the outer electrode contacts are closer to the muscles. A muscle blocking agent (decamethonium bromide) was administered to the rabbit. As can be seen in Fig. 3 , c and d, the second pulse disappeared, which indicates that it was indeed the myoelectric signal. Hence, the first pulse is the nerve compound action potential. A stimulus response recorded from an electrode unit with a Silastic cover 2 weeks after implantation (Fig. 3 , e and f) shows that no myoelectric signal is present. Therefore, at least up to 2 weeks after implantation the Silastic cover served as a successful insulator of the myoelectric signal.
Another indication that the signal presented in Fig. 2 is a nerve signal was obtained by computing its frequency spectrum. The signal had measurable frequency components from 0 to 5.5 khz. The frequency spectrum of the myoelectric signal from muscles of the rabbit's hind limb recorded with the described electrode had measurable frequency components from 0 to 800 hertz-a distinctly lower bandwidth. The After an implantation time of 3 weeks the connective tissue growth begins to provide a conductive pathway for the myoelectric signal. The Silastic cover can no longer effectively isolate the myoelectric signal. However, it is still possible to effectively reduce the myoelectric signal by subtracting the appropriately weighted signals from the internal and external electrode contacts. A larger myoelectric signal will be recorded from the external than from the internal contacts, most of the nerve signal will remain while the myoelectric signal is substantially reduced. (1.5 mg) on the preovulatory surge of LH in proestrous rats. The differences in LH levels between animals treated with diluent (20 percent propylene glycol in saline) and analog were significant at 1400, 1600, 1800, and 2000 hours (P < .01).
